Abstract Interpretation of neuropsychological tests may be hampered by confounding sociodemographic factors and by using inappropriate normative data. We investigated these factors in three tests endorsed by the World Health Organization: the Grooved Pegboard Test (GPT), the Children's Color Trails Test (CCTT), and the WHO/UCLA version of the Auditory Verbal Learning Test (AVLT). In a sample of 12-15-year-old, Afrikaans-and English-speaking adolescents from the Cape Town region of South Africa, analyses of covariance (ANCOVAs) demonstrated that quality of education was the sociodemographic factor with the biggest influence on test performance, and that age also significantly influenced GPT and CCTT performance. Based on those findings, we provide appropriately stratified normative data for the age group in question. Comparisons between diagnostic interpretations made using foreign normative data versus those using the current local data demonstrate that it is imperative to use appropriately stratified normative data to guard against misinterpreting performance.
In the early 1990s, the World Health Organization (WHO) compiled a battery of pre-existing, adapted, or newlycommissioned brief neuropsychological tests deemed suitable for use in cross-cultural contexts (Maj et al. 1991) .The Grooved Pegboard Test (GPT; Matthews and Klove 1964) , was included under the assumption that it was culture-fair because it did not contain stimuli, items, or tasks likely to disadvantage participants from non-Western cultures (Maj et al. 1993) . The Children's Color Trails Test (CCTT; Llorente et al. 2003) , which uses colors instead of letters of the alphabet as stimuli, and accommodates visual rather than verbal instructions, was included because of its applicability to non-English speakers and to individuals with limited education (Llorente et al. 2003; Maj et al. 1991) . The WHO/UCLA version of the Auditory Verbal Learning Test (AVLT; (Maj et al. 1993) ) was included because the stimuli were selected from a lexicon of 250 words describing globally familiar concepts (Snodgrass and Vanderwart 1980) . Subsequent to the compilation of the WHO test battery, the International Test Commission (ITC) produced guidelines stipulating that good test practice involves not only selecting tests with limited cultural bias and adapting test material where such bias is likely to exist, but also stressed the importance of using normative data adequately characterizing the sociocultural and demographic profile of the individuals being tested to interpret test scores (International Test Commission 2000 .
There are important reasons for adhering to the ITC stipulations in the context of a multicultural, multilingual, and socioeconomically diverse country such as South Africa. First, low and middle income countries (LAMIC) tend to carry a disproportionately high global burden of disease; sub-Saharan Africa, for example, has the highest global incidence of HIV infection (WHO 2010) . Second, individual neural and cognitive development is compromised even in neurologically healthy individuals living in LAMICs, likely due to a combination of factors, including poverty, malnutrition, poor medical provision, increased incidence of perinatal complications, high prevalence of infectious diseases, and limited educational opportunities (Bellamy and UNICEF 2004; Olness 2003) . Hence, researchers interested in, for instance, neuropsychological impairment associated with diseases such as HIV, or in how much cognitive function might be improved following treatment of those diseases, or in the relative contributions of various biopsychosocial variables to compromised cognition during childhood and adolescence, need instruments appropriate for the populations they intend to study.
For these and other reasons, many studies funded by international agencies are hosted in South Africa (e.g., Ferrett et al. 2010; May et al. 2007; Williams et al. 2007 ), which has a relatively unique combination of, on the one hand, a high incidence and prevalence of diseases known to affect neuropsychological functioning, and, on the other hand, a reasonably well-developed research infrastructure. If the quality of such studies is to be maintained and improved, and if the wide variety of South African clinical populations are to continue being studied as part of the broader brain-behavioral science enterprise, then the production of culturally fair normative data for internationally recognizable and standardized neuropsychological tests is crucial.
One of the major challenges to the use of such tests in South Africa (and in similar developing-economy countries) is that their cross-cultural utility varies according to the characteristics of the test populations. Dynamic and diverse historical and cultural factors (e.g., geographical location, degree of urbanization, home language and language of educational instruction, socioeconomic status, access to and quality of education, exposure to test-taking experiences, and cultural relevance of tasks) have an impact on neuropsychological test performance (e.g., Braga 2007; Brickman et al. 2006; I Fortuny et al. 2005; Manly 2008; Ostrosky-Solis et al. 1985) . The interpretation of neuropsychological test results is even more complicated than usual in heterogeneous societies such as South Africa, which has 11 national languages, profound socioeconomic and educational disparities, and rapidly changing socialization structures (Foxcroft 1997 (Foxcroft , 2002 Jinabhai et al. 2004; Rosselli et al. 2009; Wong and Fujii 2004) .
For instance, with regard to education, data from South Africa are consistent with those from North America (see, e.g., Manly 2006; Manly et al. 2002 Manly et al. , 2004 : Performance on neuropsychological tests is affected adversely by poor quality of education, and racial differences in performance on those tests tend to be attenuated by higher levels, and better quality, of education. With specific regard to quality of education, numerous studies have reported significant differences in neuropsychological test performance between South Africans with disadvantaged quality of education and (a) those with advantaged quality of education, and (b) non-local normative samples (Cave and Grieve 2009; Jinabhai et al. 2004; Shuttleworth-Edwards et al. 2004a; Shuttleworth-Jordan 1996; Skuy et al. 2000 Skuy et al. , 2001 A reasonably large literature demonstrates that, for South African individuals with higher levels of acculturation to Western culture, greater proficiency in English, greater urbanization, and more exposure to better quality of education, performance on neuropsychological tests tends to be compatible with normative data from standardization samples in England and North America (Cave and Grieve 2009; Grieve and van Eeden 2010; Rushton and Skuy 2000; Rushton et al. 2004; Shuttleworth-Edwards et al. 2004a, b; ShuttleworthJordan 1996; Skuy et al. 2002) . However, individuals with that set of characteristics constitute only a small sector of South African society; for example, more than 90 % of South Africans do not speak English as their first language; about 90 % are not white; and more than 40 % are not urbanized (Statistics South Africa 2007) .
Consequently, a particular problem that hampers research in South Africa (and in sub-Saharan Africa in general) is that test scores on unadapted and culturally biased instruments tend to be uniformly low. In other words, in many cases both healthy individuals and those with neuropsychological dysfunction will attain scores that, relative to non-local normative standards, fall in the range of functioning conventionally interpreted by clinicians as being indicative of impaired functioning. Such lack of variability in scores limits the discriminability of the tests and obscures potentially meaningful between-group differences (Alcock et al. 2008; Ruffieux et al. 2010) . Other pitfalls inherent in not using culturally appropriate tests and normative data in the South African context include false positive misdiagnoses as well as false negative misclassifications, based on erroneous assumptions that poor performance is a consequence of, for instance, socioeducational deprivation (Bauer 1997; de Rotrou et al. 2005; Farah 2007; Foxcroft 1997; Lezak et al. 2004; Martin et al. 2001; Mitrushina et al. 2005; Nell 2000; ShuttleworthJordan 1997; Strauss et al. 2006; Wong 2006) .
With particular regard to the three tests that are the focus of the current research, there is no previous research on African samples. Although Rosin and Levett (1989) demonstrated that South African children performed more poorly than their American counterparts on the Children's Trail Making Test, it is not known whether a similar performance bias exists for the CCTT. On the Rey AVLT, rural Zulu children and urban Black polyglot adolescents both performed poorly relative to US standardization samples (Jinabhai et al. 2004; Skuy et al. 2001) , despite the former study replacing potentially culturally unfamiliar items with ones assumed to be more appropriate for local purposes 1 . Again, however, it is not known whether the modifications introduced by the WHO/UCLA AVLT have reduced this performance bias.
In summary, it is of critical importance for (a) cross-cultural comparative research, (b) clinical purposes, and (c) the advancement of the brain-behavioral sciences, to ascertain, which sociodemographic factors confound interpretation of neuropsychological test performance, to evaluate the suitability of pre-existing foreign normative data, and to collect and publish locally-derived data that are stratified by relevant sociodemographic factors (Nell 2000; Shuttleworth-Jordan 1996 . The heterogeneous South African context provides an ideal milieu in which to pursue such goals. Hence, the aims of this study were to, in a sample of South African adolescents, (1) ascertain which sociodemographic factors influence performance on the Grooved Pegboard Test, the Children's Color Trails Test, and the WHO/UCLA Auditory Verbal Learning Test; (2) create appropriately stratified normative data for the local population; and (3) examine the cross-cultural utility of previously published non-local normative data for the local population.
Methods

Research design and participants
We used a cross-sectional design with nonrandomized selection criteria, and convenience recruitment methods. The data reported here are from healthy control participants (N = 215) recruited into a larger multidisciplinary study examining the effects of alcohol abuse on the adolescent brain. The sample size for the GPT data (N = 194) was smaller than that for the other two tests because data for ambidextrous (n=10) and left-handed (n=11) participants were excluded from the analyses. Only data from righthanded participants were used so as to avoid the potentially confounding effects of handedness on GPT performance (Bryden and Roy 2005; Mitrushina et al. 2005) .
The following exclusion criteria were applied: fewer than 4 years of education at a government school in the greater Cape Town region; more than one school grade repeated; first language other than Afrikaans or English; mental retardation and/or learning disability; severe behavioral abnormalities or social adjustment difficulties within the school setting; speech or language disorders; sensory impairments, including color blindness (except for visual defects in which the use of spectacles enabled 20/20 vision); current or lifetime Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV; American Psychiatric Association 2000) Axis I diagnoses, as assessed via administration of the Schedule for Affective Disorders and Schizophrenia for School Aged Children (6-18 years) Lifetime Version (K-SADS-PL; Kaufman et al. 1996) ; current use of sedative and/or psychotropic medication; signs or history of fetal alcohol syndrome or malnutrition; history of head injury with loss of consciousness exceeding 10 min ; any disease affecting the central nervous system; psychometric testing within the past 12 months; and any abnormalities detected by the study's MRI and EEG recordings.
Seventeen potential participants were excluded from the study based on previous psychiatric diagnoses (n=9) or cannabis use exceeding a lifetime dosage of ten units (n=8).
The sample featured coloured (mixed ancestry) and white, Afrikaans-and English-speaking adolescents, aged between 12 and 15 years, with between 6 and 10 years of completed education. All participants were recruited from schools in the greater Cape Town metropolitan region. Table 1 presents the sociodemographic characteristics of the sample.
1 For instance, chicken replaced turkey, and herdboy replaced ranger. (1)=2.50, p=0.114. There were also no statistically significant differences in the distribution of participants with advantaged or disadvantaged quality of education within the entire sample, χ 2 (1)=3.39, p=0.066, or within the GPT subset, χ
2
(1)=3.49, p=0.062. With regard to race, in keeping with the descriptive nomenclature for racial groups used in the South African census publications (Statistics South Africa 2007), we refer to the two racial groups represented by participants in this study as white and coloured (i.e., of mixed racial origin). All participants self-identified as either coloured or white (rather than black, Asian, or other). The racial composition of the sample was uneven, with significantly more coloured than white participants within the entire sample, χ 2 (1) = 30.52, p < 0.001, and within the GPT subset, χ 2 (1) = 26.72, p<0.001. There was a similar unevenness with regard to language, with significantly more Afrikaans-than Englishspeaking participants in the entire sample, χ 2 (1)=3.91, p= 0.048, and within the GPT subset, χ 2 (1)=4.64, p=0.031. However, the distribution of racial and language characteristics in the sample was similar to those distributions in the Western Cape Province, where coloured individuals (50 %) outnumber white individuals (20 %), and where Afrikaansspeakers (55 %) outnumber English-speakers (20 %; Statistics South Africa 2007).
We operationally defined quality of education as a dichotomous variable, with two assumed levels (advantaged or disadvantaged) of public (government) schooling (i.e., no participants from private schools were included in the study). The two groups were defined according to the parliamentary classification given to segregated schools prior to democratization in 1994 (Western Cape Education Department 2010). Apartheid regime education policies dictated that schools were segregated, classified, and allocated resources according to race. Hence, advantaged schools were those that, under the apartheid regime, were accessible only to white children. Disadvantaged schools were those that had been allocated to coloured children during the apartheid era.
Under apartheid, the schools we refer to here as 'disadvantaged' were allocated fewer human, instrumental, and financial resources than those we refer to here as 'advantaged.' For instance, schools attended by coloured and black students were allocated 43 % and 4 %, respectively, of the funds allocated to schools attended by white students (Corke 1984) . Even now, 15 years after South Africa's new political dispensation, the typical disadvantaged school (in comparison with the typical advantaged school) might be described as follows: (a) geographic location within poorer areas with lower levels of personal safety (due to higher levels of interpersonal crime, gangsterism, drug abuse, and vandalism); (b) allocation of fewer human resources, leading to higher learner-educator ratios, higher levels of classroom overcrowding, lower-qualified andsalaried staff, poorer proficiency of educators in language of instruction, and higher absenteeism rates for educators and learners; (c) allocation of fewer material resources (e.g., fewer books, computers, and teacher aids; poorly equipped libraries and science laboratories); (d) fewer extracurricular resources due to the presence of fewer facilities and less manpower for extramural activities and extension subjects (e.g., arts, additional languages, computer studies); and (e) poorer educational outcomes (as measured by earlier school drop-out rates, lower pass rates at Grade 7 and Grade 12 levels, and lower university admission rates).
We recruited participants from 47 government schools in the greater Cape Town urban region of the Western Cape Province of South Africa (19 advantaged and 28 disadvantaged). All participants had received between 5 and 10 years of education within one of those two education profiles. The group with advantaged quality of education included both coloured (n=27) and white (n=67) participants, whereas the group with disadvantaged quality of education only included coloured participants.
Measures
Grooved Pegboard Test Following contemporary practice (e.g., Heaton et al. 1986; Ruff and Parker 1993) , only one trial for each hand was administered, starting with the dominant hand. Peg insertion order was from left to right for each row for the right hand, and from right to left for the left hand. Timing began when the examiner gave the cue for the participant to begin, and ended immediately after the participant completely inserted the final peg. The examiner did not interrupt timing if the participant dropped a peg. For both dominant and nondominant hands, the completion time (measured in seconds) for inserting all pegs constituted the primary outcome variable. These scores were not prorated, and did not include in any way the number of drops.
Children' s color trails test We used version K of this test, in accordance with the instructions published in the manual (Llorente et al. 2003) . For both Trial 1 and Trial 2, the completion time, measured in seconds, constituted the primary outcome variable. Trial 1 measures perceptual tracking, simple sustained attention, and graphomotor skills. Trial 2 measures the same skills as Trial 1, and also measures complex (divided) attention, sequencing skills, and response inhibition.
Auditory verbal learning test We used the WHO/UCLA word lists along with the recognition items published in Strauss et al. (2006, p. 783) 2 . An Afrikaans linguistic specialist evaluated the lists to ascertain whether the words were suitable for local use; specifically, she sought to confirm that the words were familiar to the population, semantically unambiguous, and equivalent between the two languages (in word class, meaning, conceptual difficulty, syllable length, and frequency of colloquial use). This linguistic evaluation confirmed that all the words in list A were entirely suitable for local use and equivalent in Afrikaans and English. However, three List B (distractor list) words were identified as problematic, and were therefore replaced 3 . We used the standard administration format, which consists of five free recall trials of List A, an interference trial using List B, two post-interference trials testing free recall of List A (the first immediately after the distractor list, and the second after a 30-minute delay), and a List A recognition trial (Lezak et al. 2004; Mitrushina et al. 2005; Strauss et al. 2006) . We used the instructions described by Strauss et al. (2006, p. 784, Fig. 10-29) verbatim for all trials, except for the recognition trial. The latter trial was presented orally, with participants answering yes or no to indicate whether they thought the word being presented was from the original list.
Although numerous outcome measures can be derived from such conventional administration of the AVLT, here we report on, and provide normative data for, only Trial 1, Trial 5, the Immediate and Delayed Recall trials, and the Recognition trial, as these outcome measures tend to be used frequently when assessing verbal memory performance (Strauss et al. 2006 ).
Procedure
The study protocol and procedures were approved by Stellenbosch University's Committee for Human Research, and they were conducted in strict adherence to the guidelines contained in the Declaration of Helsinki (World Medical Association 2008) .
Recruitment procedures involved oral presentations at schools and advertisement via word-of-mouth. Volunteers were screened for eligibility after written informed assent/ consent was obtained from them and their parents/guardians. The screening procedure included a psychiatric and medical examination and history-taking interview, conducted by a psychiatrist. Parents and educators corroborated self-reported information.
All neuropsychological test materials were translated according to Brislin's (1983) guidelines, which include translation, independent back-translation, and the resolution of differences between the original and translated versions (Mitrushina et al. 2005) . We used this formal translation process to reduce the potential for distortions of meaning resulting from inexact translations and idiosyncratic linguistic variations. Neuropsychological tests were individually administered, following ITC recommendations (International Test Commission 2000) , in the participants' home language, by a clinical psychologist, in a quiet testing location with adequate lighting and ventilation.
Statistical analyses
We completed all analyses using PASW Statistics, version 18.0, and set the threshold for statistical significance at 0.05.
Preliminary analyses All data upheld the assumptions underlying parametric inferential analyses. We calculated descriptive statistics for all independent variables (viz., age, sex, race, language, level of education, and quality of education) and for all dependent variables (viz., each of the outcome scores on the GPT, CCTT, and AVLT). To prevent potential confounding effects of age and level of education, which were strongly positively correlated (r s =0.90, p<0.001), we used age as a covariate in the analyses and reported successfully completed years of education for descriptive purposes only.
Analyses of covariance We conducted a series of ANCOVAs and appropriate post-hoc analyses to ascertain the relative contribution of each independent variable to performance on each outcome variable. For each ANCOVA, we entered age (a continuous variable) as a covariate, and sex, language, and quality of education (all dichotomous variables) as independent variables.
Analyses of variance: race and neuropsychological test performance We conducted a series of ANOVAs to ascertain whether, within the group of participants with advantaged quality of education, there were performance differences between coloured and white participants. There were only coloured participants in the group of participants with disadvantaged quality of education, and so this analytic step was not necessary for that education group.
Stratification of normative data The analyses described above, then, contributed to our decisions about how to stratify 2 But note the typographical error for the 5th item of list A, which should read plane, not place 3 These three problematic items were: (1) boot/stewel-the Afrikaans word is used rarely (and only in more formal language contexts), and so the semantically compatible words shoe/skoen weresubstituted; (2) plate/ bakkie-the Afrikaans word bakkie is ambiguous in that it could take the meaning of either bowl or truck, and so the semantically compatible words plate/bord were substituted; (3) bee/by-the Afrikaans word by is a homophone, and could be heard as taking the meaning of the English words at, bee, or mood; hence, and to ensure that the word was understood in its original semantic category (i.e., insects), we used the Afrikaans word gogga, as a generic description of a bug. the normative data appropriately. Another set of analyses also contributed to those decisions: For outcome measures affected significantly by age, we undertook further investigations to ascertain how to subdivide the age groups when presenting normative data. For these analyses (ANOVAs and post-hoc pairwise comparisons via the Least Significant Difference procedure), we treated age as a categorical variable, with four discrete groups: (a) 12-year-olds (12.0 to 12.11 years); (b) 13-year-olds (13.0 to 13.11 years); (c) 14-year-olds (14.0 to 14.11 years); and (d) 15-year-olds (15.0 to 15.11 years).
Comparisons between local and non-local normative data To facilitate these comparisons, we first converted the raw score data into two sets of z-scores (a 'local' set and a 'foreign' set). To transform each participant's raw score on each outcome variable into a local z-score, we used the appropriate means and standard deviations derived from the current dataset. To transform each participant's raw score on each outcome variable into a foreign z-score, we used means and standard deviations from three separate sets of normative data from non-local sources. Specifically, for the GPT we used the agestratified miscellaneous normative data from North America, as published in the instrument's instruction leaflet (Lafayette Instrument Company 2003) ; for the CCTT we used the smoothed, age-stratified American standardization data published in Llorente et al.'s (2003) manual; and for the WHO/ UCLA AVLT we used Ponton et al.'s (1996) data for HispanicAmerican 16-to 29-year-olds, in the absence of published data that precisely matched the age-range of our sample.
We then created a stacked histogram of those z-score data to demonstrate, graphically, the number of participants that would fall into discrete performance ranges (e.g., low average, average, high average) when using local norms versus when using foreign norms.
Results
Grooved Pegboard Test
The ANCOVAs here detected statistically significant main effects of age and quality of education for both outcome variables (i.e., completion times for both dominant and nondominant hands; see Table 2 ). The means suggest that older age and an advantaged education were associated with faster completion times. There were no main effects of sex or language, and no interactions.
No between-race differences were seen in the group of participants with advantaged quality of education (F(1, 81)= 0.03, p=0.872 for the dominant hand, and F(1, 81)=0.63, p=0.431 for the nondominant hand).
In light of the statistically significant main effect of age detected by the ANCOVAs, we conducted ANOVAs and pairwise post-hoc comparisons to determine how best to stratify the normative data by age group. This suggested a stepwise improvement in GPT performance in (a) dominant-and nondominant-hand performance for 12-year-olds compared to 14-and 15-year-olds (ps<. 01); (b) dominant-and nondominant-hand performance for 13-year-olds compared to 15-year-olds (ps<0.05); and (c) nondominant-hand performance for 13-year-olds compared to 14-year-olds (p<0.001). Consequently, we stratified the normative data by two age bands (i.e., 12-and 13-year-olds separate from 14-to 15-yearolds) and by quality of education. These normative data are presented in Table 3 .
Children's color trails test
The ANCOVAs here detected statistically significant main effects of age and quality of education for both outcome variables (i.e., completion times on Trial 1 and Trial 2; see Table 4 ). The means suggest that older age and advantaged quality of education were associated with faster completion times. There were no statistically significant main effects of sex or language, and no statistically significant interaction effects.
No between-race differences were seen in participants with advantaged quality of education (F(1, 91)=0.22, p=0.644 for Trial 1, and F(1, 91)=1.39, p=0.242 for Trial 2).
In light of the statistically significant main effect of age detected by ANCOVAs, we again conducted ANOVAs and pairwise post-hoc comparisons to determine how to best stratify the normative data by age group. These analyses detected (a) statistically significant differences in performance on both CCTT trials between 12-year-olds and each of the other three age groups (ps<0.05), but (b) no statistically significant performance differences between 13-year-olds compared to 14-and 15-year-olds (ps>0.05), or between 14-year-olds compared to 15-year-olds (ps>0.05). Consequently, we stratified the normative data by two age bands (i.e., 12-year-olds separate from 13-15-year-olds) and by quality of education. These normative data are presented in Table 5 .
WHO/UCLA auditory verbal learning test
Of the five AVLT outcome variables older age was associated with better performance for two measures, and better quality of education for three (see Table 6 ). There were no main effects of sex and language, or interactions.
No between-race differences were seen in participants with advantaged quality of education (F(1, 91)=1.30, p=0.257 for Trial 1; F(1, 91)<0.01, p=0.949 for Trial 5; F(1, 91)=2.61, p= 0.110 for Immediate Recall; F(1, 91)=2.45, p=0.120 for Delayed Recall; and F(1, 91)=3.24, p=0.075 for Recognition).
Although the ANCOVAs showed statistically significant main effects of age on Trial 5 and Delayed Recall performance, ANOVAs and post-hoc pairwise comparisons did not detect any statistically significant age-related differences, implying the absence of a linear age-related performance trend. In addition, the effect sizes associated with these age-related comparisons were small (Hedge's g values ranged from 0.03 to 0.18), and so normative data for the entire age range (12-15-year olds) were stratified only by quality of education (see Table 7 ).
Comparisons between local and non-local normative data
For each participant, we derived two z-scores (one local, based on the normative data in Tables 3, 5 and 7, and one foreign, based on the sources listed earlier), and then categorized each z-score using conventional diagnostic/interpretive taxonomy as presented by, for instance, Mitrushina et al. (2005) : impaired (z<−2.00); borderline (z≥−2.00 and≤−1.34); low average (z≥−1.33 and≤−0.68); average (z≥−0.67 and≤ 0.67); high average (z≥0.68 and≤1.33); and superior (z> 1.33). For all outcome measures, the number of participants categorized as 'impaired' is much larger when using the z-scores derived from foreign normative data than when using those derived from local data (see Fig. 1 ). These differences are notably large for CCTT Trial 1: almost half the sample (f=97) would be classified as 'impaired' on this measure using Llorente et al. 's (2003) American standardization normative data, whereas only eight participants would be classified thus using appropriately stratified local normative data.
Also of interest here is the fact that the number of performances classified as being at or above the average range would be much smaller when using foreign norms than when using local norms. For example, when using the Lafayette's (2003) data to interpret GPT nondominant hand completion times, 160 participants would achieve 'average', 'high average', or 'superior' performance using local norms, whereas only 86 would do so using foreign norms.
Finally, the differences in interpretive classifications between local and foreign normative data for the AVLT were smaller than for the other two tests. For example, on the Delayed Recall trial, ten participants were classified as 'impaired' using Ponton et al.'s (1996) norms for Hispanic individuals in the United States, whereas seven participants were classified thus using local norms. Values presented are in seconds, representing time to complete the task. The sample (N=194) includedfemale and male, Afrikaans-and English-speaking participants. Groups with advantaged quality of education included coloured and white participants; groups with disadvantaged quality of education included coloured participants only
Discussion
The aims of this study were, in a sample of Afrikaans-and English-speaking, coloured and white, urbanized adolescents from the Western Cape province of South Africa, (a) to identify which sociodemographic variables were most strongly associated with performance on three tests from the neuropsychological battery compiled by the WHO for use in crosscultural research (the Grooved Pegboard Test, the Children's Color Trails Test, and the WHO/UCLA Auditory Verbal Learning Test; Maj et al. 1991) ; (b) to create appropriately stratified local normative data, and (c) to evaluate the suitability of previously-published non-local normative data.
Influence of sociodemographic variables on test performance
Our data indicated that, for all three tests, older age and advantaged education were associated with better performance. Sex, language, and race did not contribute significantly to the variance in performance on any of the outcome measures.
The findings of improved cognitive performance with increasing age are consistent with general trends in the literature (Giedd et al. 2008; Gogtay et al. 2004; Luna 2009; Shaw et al. 2006; Sowell et al. 2004; Yurgelun-Todd 2007) . Our data suggest, however, that cognitive functioning continues to undergo refinements and becomes more efficient during the adolescent phase. For instance, previous studies have reported that GPT completion times decrease gradually throughout childhood, and then tend to stabilize during adolescence (Rosselli et al. 2001; Trites 1977) . Our findings suggest ongoing refinement during adolescence, with 14-and 15-yearolds performing more efficiently than 12-and 13-year-olds. Similarly, previous normative studies reported stability of CCTT performance between the ages of 12 and 16 (Llorente et al. 2003; Williams et al. 1995) , whereas in the current study this stability only appeared to occur after age 12. The poorer performance by 12-year-olds compared to older children in this study may be indicative of developmentally-related limitations in those younger individuals' capacity for cognitive control, an observation consistent with those made in other studies (Anderson et al. 1996; Luna 2009 ). Values presented are in seconds, representing time to complete the task.The sample (N=215) included female and male, Afrikaans-and English-speaking participants; groups with advantaged quality of education included coloured and white participants; groups with disadvantaged quality of education included coloured participants only
Although the influence of age on adolescent WHO/UCLA AVLT performance has not been studied previously, our data revealed similar trends to those reported for other versions of the Auditory Verbal Learning Test demonstrating similar performances within 11-17 year-olds (Vakil et al. 1998) .
Our findings of improved cognitive performance with increasing quality of education are also consistent with general trends in the literature. The discrepancies in performance, on all outcome measures, between participants with advantaged and disadvantaged quality of education correspond with findings in previous literature from North America (e.g., Manly 2006; Manly et al. 2002 Manly et al. , 2004 Manly and Echemendia 2007) and from South Africa (e.g., Cave and Grieve 2009; Grieve and van Eeden 2010; Shuttleworth-Edwards et al. 2004b ). The current data reinforce, quite powerfully, the need for separately stratified normative data for participants with differing quality of education.
Ongoing differences in neuropsychological performance between South African individuals with differing qualities of education have been attributed to inequities originating from the apartheid era (van der Berg 2002; van der Berg and Burger 2003) . Since 1994 and the country's new political dispensation, there has been a marked reduction of between-race quantitative educational attainment differentials (i.e., number of years of education has begun to even out across racial groups); nonetheless, qualitative discrepancies between Values presented are raw scores (i.e., number of words recalled on the trial for Trials 1, 5, Immediate and Delayed Recall; and number of Recognition items answered correctly). The sample (N=215) included female and male, Afrikaans-and English-speaking participants; the group with advantaged quality of education (n=94) included coloured and white participants; the group with disadvantaged quality of education (n=121) included coloured participants only schools remain large (van der Berg 2011). The cumulative effects of inferior quality of education seem to have persisted in the context of ongoing socioeconomic deprivation and disparities (Burman and Reynolds 1986; Kahn 2004; Molteno 1985; Motala 2006; O'Gorman 2007; Sonn and Collett 2010) . Collectively, the abovementioned factors contribute to large performance differences on neuropsychological tests by participants with differing sociodemographic profiles (Foxcroft 2002 (Foxcroft , 2004 Foxcroft and Roodt 2005; Jinabhai et al. 2004; Nell 2000) . Our findings with regard to the absence of sex differences in performance on the three tests are also largely consistent with previous literature. For instance, Bryden and Roy's (2005) isolated findings of a modest female advantage on the GPT stand in contrast to most of other studies of that test (see, e.g., Rosselli et al. 2001; Thompson et al. 1987) . Similarly, most studies of trail-making tests have not demonstrated sex differences in performance (Lezak et al. 2004; Strauss et al. 2006); Llorente et al.'s (2003) finding of a male advantage on CCTT Trial 1 and Williams et al.'s (1995) finding of a female advantage on CCTT Trial 2 have not been replicated. Similarly, the overall trend in the child and adolescent AVLT literature does not generally demonstrate sex differences in performance (Lezak et al. 2004; Strauss et al. 2006) .
Our findings with regard to the absence of language-based differences in performance on the CCTT and on the WHO/ UCLA AVLT are consistent with the report of Maj et al. (1993) , who tested adult English-, Thai-, Lingala-, Italian-, and German-speakers and found no between-group differences. The current data with regard to CCTT and language stand in contrast, however, to those presented by Mok and colleagues (2008) . Those researchers demonstrated, in a sample of children from Hong Kong, that Mandarin speakers completed both CCTT trials faster than both MandarinEnglish bilinguals and English monolinguals. It is possible that lexigrammatic differences between English and Mandarin written language may partially explain the differences demonstrated within the Hong Kong sample. If that is the case, we would not expect these differences to exist in the current sample, because Afrikaans and English employ the same system of lexigrams.
Cross-lingual comparisons of polylingual samples on the WHO/UCLA AVLT have not been investigated previously.
Contemporary research on race-based differences in neuropsychological functioning rarely treat race or ethnicity as an isolated factor; the effects of factors such as socioeconomic status, acculturation to mainstream or dominant culture, and level and quality of education are always considered as well (e.g., Manly 2005; Manly et al. 2004; Manly and Echemendia 2007; Touradj et al. 2001) . Consequently, race-based performance differences per se on the GPT, CCTT, and AVLT have not been reported previously.
Race-based performance differences on the GPT and the CCTT have not been investigated previously in South Africa, but South African neuropsychological research in general has established that black South African adolescents tend to perform poorly relative to American normative data (e.g., Jinabhai et al. 2004; Skuy et al. 2001 ) and that differences in performance between black, white, and coloured participants tend to be attenuated, but not entirely eliminated, by better quality of education, degree of urbanization and acculturation, and greater exposure to, and proficiency in, English (e.g., Shuttleworth-Edwards et al. 2004b; Shuttleworth-Jordan 1996) . Our findings of the absence of race-based performance differences between coloured and white participants with advantaged quality of education on the GPT, CCTT, and WHO/UCLA AVLT are, therefore, roughly in keeping with the aforementioned trends. Comparisons of local versus foreign normative data Given the data derived from the analyses of sociodemographic influences on test performance, normative data were stratified by age group (differently for each test, depending on analytic indications) and by quality of education (at two levels, advantaged or disadvantaged). As shown in the tables of normative data (Tables 3, 5 and 7), our findings are consistent with previous literature indicating that GPT completion times for the dominant hand are faster than those for the nondominant hand, and that CCTT Trial 1 completion times are faster than those for Trial 2, probably due to the relative complexity of the former task (Lezak et al. 2004; Llorente et al. 2003; Williams et al. 1995) . Regarding the local normative data for the WHO/UCLA AVLT, performance was highly consistent with trends noted in standard neuropsychological texts (Lezak et al. 2004; Mitrushina et al. 2005 ) based on overviews of multiple studies on various Auditory Verbal Learning Tests. For instance, previous studies suggest that (a) Trial 5 acquisition scores usually range from 12 to 13 (in the current study, we found mean values of 12.95 ± 1.54 for participants with advantaged quality of education, and 11.91 ± 1.97 for those with disadvantaged quality of education), (b) scores on immediate and delayed recall trials tend to be similar, rarely differing by more than two points (in the current study, we found mean differences of 0.27 ± 0.17 for participants with advantaged quality of education, and 0.06 ± 0.05 for those with disadvantaged quality of education).
As Fig. 1 showed, the three tests varied with regard to the extent to which previously published normative data, derived from non-local populations, were biased against the local participants, particularly those with disadvantaged quality of education. Of particular interest here was the fact that foreign normative data for nonverbal tests which were devoid of obviously culturally loaded stimulus items or test material (the GPT and the CCTT) appeared to be more biased against the local population than were foreign normative data for the verbal test (the AVLT).
Regarding the GPT, the normative data published by the instrument's developers, the Lafayette Instrument Company (2003) are particularly unsuitable for South African adolescents, and increase the risk of false positive diagnoses of impaired fine motor coordination: the mean completion times, for both dominant and nondominant hands, presented by those foreign datasets are significantly shorter than the mean completion times contained in the local dataset presented by the current study.
Regarding the CCTT, our findings demonstrated that Llorente et al. 's (2003) USA standardization normative data are inappropriate for use in the local population. Across all age groups, and for participants with advantaged and disadvantaged quality of education, completion times on both CCTT trials were substantially slower than those presented by Llorente et al. The mean completion times for both trials, for all except one subgroup of the current sample (viz., 15-yearold participants with advantaged quality of education) were slower than the mean performance for adolescents with ADHD and mild head injuries in the abnormative data published by Llorente et al. (2003) . That fact demonstrates emphatically that the use of such foreign norms for this particular test is likely to increase the risk of false-positive diagnoses of dysfunctional abilities in the domains of visual attention, attentional control, and cognitive flexibility.
Our findings that foreign normative data for the GPT and the CCTT were biased against local participants is consistent with previously published data showing that nonverbal tests are not necessarily free from cross-cultural bias (Rosselli and Ardila 2003; Shuttleworth-Edwards et al. 2004b) . Furthermore, the overall pattern of slower performance by South Africans than by US standardization samples is not uncommon (Nell 2000) . These differences in performance on speeded tests between individuals from developing-and developed-economy countries may reflect cultural differences regarding the relative importance of accuracy versus speed (Grieve 2005) . The emphasis on speed, for example, is not considered to be important in all cultures (Brickman et al. 2006; Foxcroft 2002) . Ardila (2005) points out that in many cultures, speed and quality may be at cross-purposes; some cultures, for instance, may regard good products as those resulting from slow and careful planning processes, whereas others may hold rapid execution as a primary goal. Nell (2000) hypothesizes that observed differences between some South Africans and North Americans on speeded tests is partially because the latter population attach greater value to speed, and consequently have greater exposure to tests constrained by speed limits, from primary school onwards. The especially slow performances by participants with disadvantaged education may also reflect diminished opportunities to develop testtaking skills within under-resourced education systems (Foxcroft 2004; Kanjee 2005) .
In striking contrast to the comparisons of foreign versus local normative data for the nonverbal tests, similar comparisons for the verbal test (WHO/UCLA AVLT) suggested that Ponton et al.'s (1996) normative data for Hispanic Americans could have useful local applications, despite the participants in that US sample being older (16-29 years) than those in the current sample. The relative culture-fairness of the WHO/ UCLA AVLT has important implications for testing verbal memory in South Africa, because other list-learning tests (e.g., the Rey AVLT) appear to be strongly biased against South Africans (Jinabhai et al. 2004; Skuy et al. 2001) .
Finally, Fig. 1 showed large differences between foreignand local-based interpretations in terms of the ranges of scores within the various interpretive categories, particularly with regard to GPT and CCTT performance. The disproportionately large number of scores classified as 'impaired', and the disproportionately small number of scores categorized at or above 'average', when using foreign normative data means that (a) clinicians using those data are increasing their risk of making false positive misdiagnoses of impaired functioning, and (b) the capacity of the tests to identify above-average or superior functioning is reduced.
Limitations of the current study Although one of the strengths of this study is the collation of carefully stratified normative data, it cannot be assumed that these data are generalizable to other groups in the Western Cape (e.g., Xhosa-speaking individuals, or black African adolescents in general) or to other cultural subgroups in other regions of South Africa.
Another limitation of the current study is that could not address the question of whether the ongoing improvements, beyond age 12, in GPT and CCTT performance are peculiar to the study population. Future studies that directly compare performances across cultural contexts might be able to address this question, and to investigate, for instance, whether adolescents from developing-economy countries simply show a slower trajectory of improvement on tests of information processing speed.
The current study is also limited by the fact that the comparisons of normative data were not based on contemporaneous sampling, but were derived from different sources. It would be helpful to conduct studies using the identical protocols and procedures, during the same time frame, across different geographical locations, thus enabling more direct cross-cultural comparisons of the kind accomplished by Maj et al. (1993) .
Summary and recommendations
No differences in performance on any of neuropsychological variables were seen between females and males, between Afrikaans-and English-speakers, or between coloured and white participants, with advantaged quality of education. However, age and quality of education influenced GPT and CCTT performance, and influenced performance on three out of five AVLT outcome measures. Better performance was associated with older age and better quality of education.
We stratified our normative data for the three tests by age and by quality of education, and we recommend that the GPT and the CCTT are culture-fair only in conjunction with the use of local normative data stratified in such a fashion. Furthermore, although we strongly advocate the use of properly-stratified local normative data in general (they are more likely than foreign norms to characterize cognitive functioning accurately), the WHO/UCLA AVLT, used in conjunction with Ponton et al.'s (1996) normative data, appears to be culturally fair for use in the current study population.
Our study, and our approach, is consistent with the ITC's recommendations regarding good test practice, in that it gives due attention to the selection and adaptation of test material in order to reduce cultural bias, and the creation of appropriate normative data within which to interpret test results fairly (International Test Commission 2000 . We hope that future studies will use the design template provided by this study to extend the normative database to, for example, individuals younger than 12 and older than 15 years in South Africa, and to residents of other LAMIC countries.
